Tumefactive demyelinating lesions (TDLs) are often misdiagnosed as brain tumors. To identify imaging characteristics of TDLs for their proper diagnosis, their differences from malignant gliomas, etc., were investigated based on 3-Tesla magnetic resonance imaging (MRI) and MR spectroscopy data that was obtained from 5 patients diagnosed with TDLs in our hospital. MRI displayed a paraventricular lesion with a maximum diameter of ≥2 cm. Diffusion-weighted imaging (DWI) displayed a region of bright signal intensity at the margin of the lesion, and apparent diffusion coefficient (ADC) imaging displayed high signal intensity at the core of the lesion. The mass effect was mild relative to the size of the lesion, and the edema around the lesion was mild to moderate. Gadolinium-enhanced MRI displayed a characteristic open-ring sign, in which the ring of enhancement was incomplete (open towards the cortex), with the medullary vein running through the lesion, resulting in the enhancement of the surrounding area. MR spectroscopy displayed an increase in the choline peak, a decrease in the N-acetyl aspartate (NAA) peak, the presence of lactate/lipid peaks, and the presence of β, γ-glutamate-glutamine (GLX) peaks that are slightly shifted to a higher resonance frequency (2.1 -2.4 ppm) from the NAA peak. Taken together, the following main characteristics were identified as imaging features of TDLs: bright rim on DWI, a high signal core on ADC imaging, an open-ring sign, and β, γ-GLX peaks on proton MR spectroscopy. We concluded that the key to the improvement of neurological symptoms of patients is the prompt initiation of steroid treatment following the accurate diagnosis of TDLs.
absence of typical imaging features are sometimes suspected of having a brain tumor and are referred to neurosurgeons. In fact, pseudo-tumor lesions have occasionally been reported, such as cerebral infarction that may be mistaken for a tumor, inflammatory lesions including those caused by infections, congenital diseases including cortical dysplasia, and conditions caused by minor trauma. The differential diagnosis made by the attending physician is hence crucial for the accurate diagnosis of and to provide appropriate treatment to patients displaying atypical imaging features.
We recently encountered 5 patients who were referred to our hospital with a diagnosis of malignant glioma, but were diagnosed as having tumefactive demyelinating lesions (TDLs). In this study, we aimed to identify the imaging characteristics of TDLs, which are crucial for its accurate diagnosis, as well as for the differential diagnosis of pseudo-tumor diseases [1] - [4] .
Materials and Methods
This study included 5 patients (3 men and 2 women), aged between 32 and 58 years (mean age: 48 years). Their initial symptoms were local brain symptoms that corresponded to the specific brain area of the lesion: 3 patients had hemisensory disturbance and paralysis, 1 patient had homonymous hemianopsia, and 1 patient had aphasia. None of the patients had symptoms of intracranial hypertension, such as headache or nausea ( Table 1 ). In one of the patients, the symptoms were preceded by influenza virus infection. Four of the patients had a solitary lesion, and 1 patient had multifocal lesions. The lesions were located adjacent to the central sulcus in 3 patients, in the right occipital lobe in 1 patient, and in the left temporal lobe in 1 patient. Blood biochemistry data at the time of admission showed no noteworthy abnormal findings. Spinal fluid analysis revealed that the initial pressure of all patients was within the normal range, with clear, water-like fluid, and also showed slightly increased protein concentrations in 3 patients and the presence of several mononuclear cells in all the patients. None of the patients showed an increased myelin basic protein level in the spinal fluid nor the presence of oligoclonal immunoglobulin G bands. The 3 patients with a solitary lesion underwent lesion removal with a small craniotomy (biopsy in 2 patients and total removal in 1 patient), and the other 2 patients were subjected to treatment without surgery based on diagnostic imaging. The bulk of the tissue removed was composed of densely accumulated macrophages engulfing myelin. In the surrounding area, prominent reactive astrocytosis and granular mitosis (Creutzfeldt cells) were observed, with T-cell-dominant lymphocyte infiltration in the perivascular area. Based onthese findings, the patients were diagnosed with inflammatory demyelination. All the patients subsequently received 3 cycles of pulse therapy with methylprednisolone, and the disappearance of the lesions was confirmed by imaging. Although symptom improvement was observed in all the patients, their mild neurological symptoms persisted.
Detailed imaging analysis using 3-Tesla magnetic resonance imaging (MRI) (Achieva ® ; Phillips Inc.) was performed in the 5 patients. For basic imaging, T1-weighted imaging, T2-weighted imaging, fluid-attenuated inversion recovery (FLAIR), and diffusion-weighted imaging (DWI) were performed. In addition, apparent diffusion coefficient (ADC) imaging, T2-star imaging, and gadolinium-enhanced imaging were performed. Moreover, proton MR spectroscopy (MRS) was performed using point-resolved spectroscopy with a repetition time of 1200 msec and an echo time of 288 msec. For a 10 × 10 cm 2 field-of-view, chemical shift images were obtained with single voxel and multiple voxel techniques, based on the spectral distribution of each metabolite. Using the imaging dataof the 5 patients, we attempted to identify characteristic features of TDLs on MRI and MRS.
Results

MR Imaging
In all the patients, a lesion with a maximum diameter of ≥ 2 cm displaying low signal intensity on T1W1 and high signal intensity on T2WI and FLAIR was observed. DWI displayed high or bright signal intensity in the surrounding area and low signal intensity at the core. ADC imaging displayed high signal intensity at the core. Contrast-enhanced MRI showed irregular contrast enhancement that appeared to delineate the border of the surrounding area of the lesion. The enhancement was intense in the deep white matter, with the ring of enhancement being open towards the surface of the brain, showing a so-called open-ring sign. T2-star imaging and contrast-enhanced imaging displayed vascular signals that appeared to involve a vein running through the core of the lesion, with the enhancement of the surrounding area. Although there was moderate white matter edema surrounding the lesion, the mass effect on the surrounding structure appeared to be mild relative to the size of the lesion (Figures 1(A)-(F), Figure 1 (H) and Figure 1(I) ).
Proton MR Spectroscopy
Proton MR spectroscopy was performed in 3 patients. In all patients, a slight increase in the choline (Cho) peak, a decrease in the N-acetylaspartate (NAA) peak, and the presence of lactate/lipid (Lac/Lip) peaks were observed at the core. In the surrounding area of the lesion, the decrease in the NAA peak was slight, and the Cho/NAA ratio was higher than that observed at the core. At the core and edge of the lesion, waveforms called β, γ-GLX (glutamate/glutamine) peaks that are slightly shifted to a higher resonance frequency (2.2 -2.4 ppm) from the NAA peak, which are not observed in the normal brain, were identified (Figure 1(G) and Figure 1(I) ).
Discussion
The recognition of the pathological features of TDLs has gradually increased among neurosurgeons, owing to the increase in the number of case reports. However, there are still many reports of patients with a preoperative diagnosis of malignant melanoma, who are pathologically diagnosed as having TDLs after total removal of the lesion by craniotomy. Taking into account that demyelination in a broad sense is an inflammatory disease based . Based on our experience with these 5 cases and the evaluation of reported cases, we have identified the following diagnostic imaging characteristics of TDLs: 1) Regarding the localization of the lesion, a large supratentorial lesion with a maximum diameter of ≥ 2 cm is observed in the region from the paraventricular area of cerebral hemispheres to the brain surface. 2) Most patients have a solitary lesion, but patients can have multifocal lesions.
3) The mass effect on the surrounding brain structure is mild relative to the size of the lesion.
4) The white matter edema surrounding the lesion is moderate. 5) DWI displays high or bright signal intensity in the surrounding area and low signal intensity at the core.
ADC imaging shows high signal intensity at the core. 6) Gadolinium-enhanced imaging displays irregular contrast enhancement of the surrounding area of the lesion, but the enhancement is intense in the deep white matter, with the ring of enhancement being open towards the surface of the brain, showing a so-called open-ring sign. 7) A signal void that appears to involve a vein is observed at the core of the lesion, with enhancement of the surrounding area. 8) Proton MRS displays increases in Cho, Lac, and Lip peaks, with a slight decrease in the NAA peak. 9) Proton MRS shows peaks (β, γ-GLX peaks) that are not observed in the normal brain, in the range of 2.1 -2.4 ppm.
Masdue et al. [3] who reported the open-ring sign for the first time found differences in the intensity of contrast enhancement inassociation with the pathological findings of the removed lesion, which were used to evaluate active inflammatory responses and tissue repair that were predominant in the white matter in demyelinated lesions. Similar pathological findings were also observed in our 3 patients who underwent surgery [1] . Neovascularization associated with tissue repair was observed as a contrast enhancement effect, possibly contributing to the intensity of the edema signal around the lesion [1] [4] . Furthermore, narrowing of the intercellular space due to reactive astrocyte proliferation appeared to have decreased the diffusibility of water molecules [1] [3] [4] . In the center of the demyelinated lesions, an increase in ADC was observed, indicating that widening of the intercellular space associated with the demyelination increased the diffusibility of water molecules. The presence of a vascular signal void that appears to involve a vein at the core of the lesion is important for differentiation between demyelinated lesions and intra-axial tumors [3] [4] . In TDLs, the area around this blood vessel is also enhanced, suggesting that there is marked lymphocyte infiltration in response to demyelination in the perivascular area [1] [3] .
Regarding the interesting proton MRS pattern observed, it was considered that the decreased neuronal activity due to demyelination caused a decrease in the NAA peak, and that cell proliferation, through reactive astrocytosis and lymphocyte infiltration, caused an increase in the Cho peak. In addition, the Lac/Lip peaks were considered to be a result of the proliferation of macrophages. Regarding the significance of the β, γ-GLX peaks, which were named "marker peaks" by Grossman et al. [5] , Cianfoni et al. [6] reported that when glutamate is released as a result ofrapid demyelination, astrocytes, which essentially control glutamate release, are also severely impaired and become unable to carry out the glutamate-to-glutamine conversion by glutamine synthetase. As a result, due to a significant increase in the glutamate-to-glutamine ratio, the marked glutamate/glutamine peaks emerge. Majós et al. [7] reported that no β, γ-GLX peaks were observed among many patients with intra-axial tumors that we reanalyzed by proton MRS. Therefore, β, γ-GLX peaks can be used to differentiate between TDLs and intra-axial tumors, including glioma, and hence β, γ-GLX peaks appear to be useful marker peaks.
